ABSTRACT RNase E is a major endonucleolytic RNA processing enzyme in Escherichia coli. We have sequenced a 3.2 kb EcoRI-BamHI fragment encoding the me gene, and identified its reading frame. Upstream from the gene, there are appropriate consensus sequences for a putative promoter and a ribosome binding site. We have translated this gene using a T7 RNA polymerase/ promoter system. We determined 25 amino acids from the N-terminal of the translated product and they are in full agreement with the DNA sequence. The translated product of the me gene migrates in SDS containing polyacrylamide gels as a 1 10,000 Da polypeptide, but the open reading frame found in the sequenced DNA indicates a much smaller protein. The entity that migrates as a 110,000 Da contains RNA, which could account, at least partially, for the migration of the rne gene product in SDS containing polyacrylamide gels.
INTRODUCTION
RNase E, a processing endoribonuclease, was partially purified by Misra and Apirion (1) . It matures 5S rRNA from its precursors from all the rRNA genes (2) (3) (4) . The enzyme also cleaves RNA I (5), a molecule that controls the replication of ColE 1 plasmid DNA. RNase E is also involved directly or indirectly in the metabolism of many E. coli mRNAs (6) as well as T4 mRNA (7) . E. coli strains carrying the rne-3071 mutation fail to mature 5S rRNA at 430C (2, 8) and do not grow at this temperature; they contain a temperature sensitive RNase E activity (9) . Using an rne-3071 mutant the rne+ gene was cloned by complementation of the temperature sensitivity. Initially, a 1.6 kb fragment that 'complements' the rne-3071 mutation in a rec+ genetic background was cloned (10) . Subsequently, a larger fragment, approximately 3.2 kb, was cloned (11) that complements the rne-3071 mutation in rec+ or rec-genetic backgrounds.
In order to define the gene for the RNase E enzyme, we have sequenced the entire 3.2 kb fragment. On expression of the 3.2 kb DNA fragment, using the system developed by Tabor and Richardson (12) , a 110 kDa product was detected.
EMBL accession no. X54309 MATERIALS AND METHODS Plasmids and Strains
Plasmids: pBluescript (Stratagene), pGP1-2 (12) ; pT7-5, pGP1-4 (S. Tabor, personal communication). pT7-5 is very similar to pT7-1 (12) ; both are used for cloning DNA fragments next to a T7 promoter (12) . pGP1-4 is similar to pGP1-2 (12); both are used for the controlled expression of T7 RNA polymerase (12) .
Ml3mpl8/19 (13) , pRE117 (11); pRE141, pT7-5 containing the EcoRI-BamHI 3.2 kbfragment from pREl 17 , this fragment includes the whole me gene; pRE145, pRE149, and pRE150 (present study). pNA12, is pT7-5, which contains an EcoRIBamHI{ fragment from pNA9 (14) , it codes for RNase 11. (Fig. IA) . This reading frame ends up at nucleotide 2315 where the termination codon TAG is encountered. Previous studies indicated that the 3.2 kb DNA fragment contains a promoter (11) . Analysis of the upstream nucleotides, from the reading frame, revealed a sequence which can act as a promoter (19) . It contains the -10 and -35 consensus sequences AATAAT and TTGCCC respectively. The sequence AATAAT depicts a highly conserved -10 consensus sequence, with only one nucleotide variation. Similarly four nucleotides, TTGC, are conserved from the -35 consensus promoter sequence. However, since the begining of the me gene transcript was not determined, and since the two putative parts of the promoter, are relatively far apart (19) , it is possible that another sequence serves as the promoter. Located at -6, to the initiation codon (AUG), is the sequence TAAG which can serve as a ribosomal binding site (see Fig. IB; 20) . Close examination of the 3' end of the gene did not reveal a sequence that can give rise to a termination stem and loop structure (21, 22) .
In order to characterize the product of the me gene, various size fragments of the sequenced coli DNA were introduced to the pBluescript, and put under the control of a T7 promoter (Fig.   2 ). In all cases where the me-3071 mutation was complemented, we observed a 110,000 Da product (Fig. 3) . (Fig. 3) , material subjected to sonication shows a number of products all related to RNase E. These products, including the main band (110,000 Da), are unlikely to be agregates. As can be seen in Fig. 4 One explanation for at least some of these anomalies, is the possiblity that the me protein binds to RNA. This is rather likely since in the RNase E mutant a relatively large number of RNAs accumulate which are not substrates for RNase E (23) (24) (25) .
To test for the possibility that RNA is included in the re gene product, we carried out a number of experimnts all of which suggest that indeed this is the case. For instance, aftertr nt of the me entity with ribonuclease, it migmaes fnstet a polyacrylamide gel (Fig. 5) (Fig. 3) . While we are certain about the tmino terminal end, since it had been sequenced ( Fig. 1 (27) , in the case of RNase E they remain associated after electrophoresis in polyacrylamide gels containing urea and SDS. While it would be exciting to assume that the RNA found in RNase E is coded from the same region of the DNA as the protein (see below) this is not necessarily the case. Apparently, RNase E binds various RNAs (23 -25) , and therefore it is possible that newly synthesized RNA could appear in the RNase E band.
Since we established experimentally the amino terminal end of the RNase E protein, but not the carboxyl end, the maximum size polypeptide synthesized from the 2.6 kb fragment could be approximately 80,000 Da, and not the observed product that migrates in the gel as a 110,000 Da polypeptide (See Figs. 1, and 3). It is conceivable that the proteins synthesized from the shorter DNA fragments are not fully coded by the inserted coli DNA. However, it is most unlikely that in the different deletions tested they all will terminate in such a way as to produce an identical size polypeptide of 110,000 Da. Subjecting this protein to various agents such as urea, guanidine HCl and relatively high levels of sodium-dodecyl-sulfate did not reduce the molecular mass of this protein, suggesting that the large (110,000 Da) entity did not result from agregation (Fig. 4) .
The entity migrating in the 110,000 Da position contains RNA (Fig. 5) , since it is sensitive to ribonucleases (TI, and micrococcal nuclease) and it labels with 32Pi and the label is degraded by ribonucleases (Fig. 5) . Moreover, after sonication smaller products are generated from this band while other protein bands remain intact. Furthermore, when RNase E was purified, it significantly lost specific activity in some of the purification steps (26) . (In one of the steps it lost more than ten fold in specific activity.) This could be explained if RNA is necessary for the function of RNase E and it was partially lost during the purification.
It is premature to speculate on the nature of the RNA found in RNase E, it could be for instance nonspecific RNA attached to the protein, since it is an RNA binding protein. However, there are a number of observations that indicate that this simple possibility is rather unlikely. The size of the me gene product produced from the T7 promoter in presence or absence of rifampicin (blockage of host RNA synthesis) is the same, (see Fig. 3 ), suggesting that the RNA in RNase E originates from the same promoter as the polypeptide. Since we observed large products of RNase E (in the 100,000 Da size range) when we had used the maxicell system and RNase E was synthesized from its own promoter (11) , it is unlikely that the association of the me protein with RNA is related to the me gene being expressed from a T7 promoter. Therefore, it is possible that the RNA moiety coincides or overlaps the message for the protein or is immediately contiguous to it. Since the relatively large size of RNase E can be observed also when it is overproduced and host RNA synthesis is blocked, it is unlikely that the size of RNase E is caused by association with non-specific RNA.
It is worthwhile to mention here that the me gene is most likely the structural gene for RNase E, since the mutation mpe-3071 renders the activity temperature sensitive, (9, 26) 
